Background/Aim: Sorafenib leads to improved survival in advanced hepatocellular carcinoma (HCC) patients. Continuation of sorafenib beyond progression has been a possible treatment strategy when further approved therapeutic agents are lacking. Methods: We performed a retrospective analysis of all HCC patients at our institution with documented disease progression under treatment with sorafenib. Overall survival (OS) from start of sorafenib treatment was compared between patients who received sorafenib for > 3 weeks beyond progression (group 1) and those who discontinued sorafenib ≤3 weeks after progression (group 2). Group 1 was further subdivided into those patients who received sorafenib for > 3 months (group 1a) and those who received it for ≤3 months (group 1b). Results: A total of 71 patients were analyzed. Median OS for all patients was 15.4 months. OS in group 1 (15.6 months) and 2 (13.0 months) was similar (p = 0.90). Patients in group 1a showed significantly prolonged median OS (19.7 months) compared to that of patients in group 1b (13.6 months, p = 0.004),
Introduction
Hepatocellular carcinoma (HCC) is the sixth most common malignancy worldwide and the second leading cause of cancer-related death [1] . For advanced or metastatic HCC, the multi-tyrosine-kinase inhibitor sorafenib has been the only approved first-line systemic therapeutic option so far. It has shown a moderate but significant prolongation of overall survival (OS) versus placebo in 2 large phase III trials [2, 3] . In the absence of systemic therapeutic alternatives, it has been discussed to continue sorafenib treatment in patients despite disease progression. In the SHARP trial, in some patients, treatment was continued until radiological and clinical progression, implying that several patients were treated beyond radiological progression as long as there was no evidence of clinical progression [2] . However, details concerning the outcome of this patient group are lacking. Several retrospective reports suggest a benefit of continuing sorafenib treatment beyond progression in HCC patients [4] [5] [6] [7] . For other tumor types, there is evidence that to continue a targeted therapy beyond progression may lead to an improved outcome. For example, this has been shown for bevacizumab in colorectal cancer patients [8] [9] [10] and trastuzumab in breast cancer patients [11] . In lung cancer patients, discontinuation of a targeted therapy has been reported to result in a disease flare-up and even worse prognosis [12] [13] [14] [15] .
The aim of our study was to investigate the outcome of patients under sorafenib treatment who continued this treatment despite disease progression and to compare the results with those of patients who discontinued treatment after progression.
Patients and Methods
We retrospectively reviewed the medical records of all patients under sorafenib therapy for HCC at the University Hospital Heidelberg, Germany, with documented radiological progression between November 2011 and July 2015. All patients provided written informed consent before enrolment in the study. Prior, the study design was approved by the Institutional Research Ethics Committee.
We analyzed the patients' demographic characteristics, course of disease under sorafenib treatment, as well as dose modifications, and treatment interruptions. The patients who discontinued sorafenib due to toxicity without documented disease progression, who received liver transplantation prior to sorafenib therapy, or to whom sorafenib was administered as a "bridge to transplant" were excluded from the study.
HCC was diagnosed according to the current American Association for the Study of Liver Diseases guidelines [16] . Each case was evaluated by an interdisciplinary liver tumor board conference. Only those patients with no curative therapeutic options and contraindications for locoregional therapies received sorafenib treatment. Concomitant medication was prescribed in case of adverse events. The standard initial dose of sorafenib was 400 mg twice daily. The dose was adjusted in the case of adverse events that were not manageable by supportive care. The patients were seen at our outpatient clinic every 2-3 months.
Radiological assessment was done every 3 months using contrast-enhanced MRI, or, in cases with contraindications, using contrast-enhanced CT. Radiographic assessment was performed according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. Upon radiographically proven disease progression under sorafenib, the patients were offered to continue the treatment if their clinical condition was adequate and no other treatment options -like participation in a clinical trial -were available. The decision whether to continue or to stop sorafenib after progression was made by the treating physician who took the patient's choice into account. Treatment was stopped in the event of deterioration of the clinical status or unmanageable adverse events. OS was defined as the time between the initiation of sorafenib treatment and death of any cause. Time to progression was defined as the time between initiation of sorafenib treatment and disease progression. For the analysis of treatment beyond progression, 3 groups were defined: patients who continued sorafenib for > 3 months after progression (group 1a); patients who continued sorafenib for > 3 weeks but ≤3 months after progression (group 1b); and patients who discontinued sorafenib within 3 weeks after disease progression (group 2).
Statistical analysis was carried out using SPSS TM for Windows TM Software v22.0 (SPSS, Chicago, IL, USA). Frequencies were compared with the χ 2 test, median values with one-way analysis of variance. Survival analysis was calculated using the Kaplan-Meier method, and differences in survival were analyzed using the log-rank test. A p value < 0.05 was considered significant.
Results

Baseline Characteristics
A total of 71 patients were included in the study. Median age was 62 years, 85.9% of the patients were male (Table 1) . 74.6% of the patients suffered from liver cirrhosis. The most common etiologies for the underlying liver disease were alcohol, chronic hepatitis C, and chronic hepatitis B. Extrahepatic tumor manifestations were present in 43.7% of the patients. The majority of the patients were at stage C according to the Barcelona Liver Cancer Classification (BCLC).
Sorafenib Treatment 50.7% of the patients required a dose reduction due to toxicities, treatment had to be interrupted in 29 patients (40.8%). The responses to standard sorafenib treatment were: partial remission in 1 patient (1.4%), stable disease in 17 patients (23.9%), and progressive disease in 53 patients (74.6%). Median time to progression was 3.0 months (95 % CI 2.7-3.4). Mean daily sorafenib dose was 760 mg with no significant difference between the treatment groups. After progression under sorafenib treatment, 27 patients (38.0%) were discontinued within 3 weeks (group 2). Of the remaining patients (group 1), 19 patients (26.8%) continued sorafenib for ≤3 months (group 1b), 25 patients (35.2%) continued the treatment for > 3 months (group 1a). There were no significant differences between the treatment groups for most patient characteristics; however, the frequency of esophageal varices was significantly higher in group 2, and the proportion of patients pretreated with transarterial chemoembolization was significantly lower in this group (Table 1) . Subsequent treatments after sorafenib included chemotherapy in 8.5% of the patients and participation in a clinical trial for nonapproved substances in 22.5% of the patients (group 1a: 36.0%, group 1b: 5.2%, group 2: 22.2%). Clinical trial treatment included the HDAC inhibitor resminostat (ClinicalTrials.gov identifier NCT00943449), the anti-glypican3 antibody GC33 (NCT01507168), the recombinant vaccinia virus JX-594 (NCT01387555), the MET inhibitor tivantinib (NCT01755767), and the PD-L1 antibody durvalumab (NCT01693562). No patient received regorafenib.
Survival
Median OS for all patients was 15.4 months (95% CI 12.8-18.1). Patients who continued sorafenib well beyond progression (group 1) showed a median OS of 15.6 months (95% CI 13.3-17.9) compared to those patients who discontinued the treatment within 3 weeks after progression (group 2; 13.0 months, 95% CI 0.7-25.2, p = 0.90) (Fig. 1) . Patients who received sorafenib for > 3 months beyond progression (group 1a) showed significantly prolonged Unless indicated otherwise, values are n with percentages in parentheses. Group 1a: continued sorafenib for >3 months, group 1b: continued sorafenib for >3 weeks but ≤3 months, group 2: discontinued sorafenib within 3 weeks. AFP, alphafetoprotein; BCLC, Barcelona Classification for Liver Cancer; ECOG, Eastern Cooperative Oncology Group performance status; NASH, non-alcoholic steatohepatitis; PD, progressive disease; PR, partial remission; RFA, radio-frequency ablation; SD, stable disease; SIRT, selective internal radiotherapy; TACE, transarterial chemoembolization. median OS (19.7 months, 95% CI 14.8-24.7) in comparison to those who continued treatment for ≤3 months (group 1b; 13.6 months, 95% CI 4.8-22.4, p = 0.004) (Fig. 2) , and they also showed a trend towards prolonged OS compared to the patients of group 2 (p = 0.126) (see online suppl. Fig. 1 ; see www.karger.com/doi/10.1159/000487635 for all online suppl. material). A stronger trend could be observed in comparison to groups 1b and 2 combined (13.0 months, 95% CI 7.1-18.8, p = 0.062) (see online suppl. Fig. 2 ). Overall survival of patients in group 1 (continuing sorafenib beyond progression) versus group 2 (discontinuing sorafenib after progression). Overall survival of patients in group 1a (continuing sorafenib beyond progression for > 3 months) versus group 1b (continuing sorafenib beyond progression for ≤3 months).
When looking at the 46 BCLC stage C patients, OS was significantly prolonged in the 17 group 1a patients (19.7 months, 95% CI 15.6-23.9) versus the 16 group 1b patients (11.6 months, 95% CI 6.4-16.8, p = 0.010) (Fig. 3) . Excluding patients treated in clinical trials from the analysis resulted in a median OS of 16.1 months for group 1a (95% CI 9.7-22.5), 11.6 months for group 1b (95% CI 5.7-17.4, p = 0.164), and 9.1 months for group 2 (95% CI 2.5-15.8, p = 0.737) (see online suppl. Fig. 3) .
Additionally, we evaluated a prognostic scoring system for post-progression OS according to the study by Otsuka et al. [17] , with poor prognosis being defined by a Child-Pugh stage C or at least 2 of the following characteristics: Child-Pugh stage B, ECOG performance status >1, progressive disease as best response to sorafenib, or alpha-fetoprotein > 1,000 ng/mL. Patients with a poor prognosis in group 1 showed significantly prolonged OS (12.1 months, 95% CI 7.8-16.4) versus those with a poor prognosis in group 2 (6.4 months, 95% CI 2.9-9.9, p = 0.019). However, OS for patients with a good prognosis showed no significant difference between group 1 and 2 (20.0 vs. 32.1 months, p = 0.814) (Fig. 4) .
Discussion
The idea to continue targeted systemic therapy beyond radiographic progression has been examined in several tumor types. Improved prognosis of patients continuously treated has be observed in colorectal [8] [9] [10] , breast [11] , and lung cancer [12] [13] [14] [15] . Several mechanisms have been proposed for this phenomenon, including an accumulation of upstream products of the inhibited signaling pathways as well as an activation of alternative signaling pathways [6] ; in those cases, a rapid discontinuation of the targeted therapy might result in an overproportional tumor growth stimulus.
In HCC patients, with sorafenib having been the only approved therapeutic agent for a long time, treatment beyond progression has been discussed as a therapeutic option. In our study, we could show a significantly longer survival of patients treated with sorafenib beyond progression for > 3 months compared to that of patients treated for < 3 months, as well as a trend towards a prolongation of survival compared to patients who discontinued sorafenib. The effect was most notable in the subgroup of BCLC stage C patients, with a median survival benefit of 8.1 months.
The recently presented preliminary data of the RESOURCE trial demonstrate an improved OS of 10.6 versus 7.8 months for regorafenib versus placebo after progression under sorafenib [18] . Since regorafenib has a similar kinase-inhibiting activity as sorafenib, and since the patients in the RESOURCE trial had tolerated the preceding sorafenib treatment well, it can be argued that an OS benefit similar to that achieved with regorafenib could have been achieved had sorafenib been continued beyond progression.
On the other hand, so far there are no prospective randomized trials which clearly show a benefit of continued sorafenib treatment beyond progression for HCC patients. A prospective phase II trial comparing dose increase of sorafenib after progression to best supportive care showed only a trend towards a prolongation of OS and progression-free survival, but it failed to reach statistical significance [19] . In this trial, however, toxicity due to dose escalation of sorafenib as well as randomization imbalances might have negatively affected the outcome of patients treated beyond progression.
Our study has several limitations since it was carried out retrospectively. The decision whether or not to continue sorafenib beyond progression was made by the treating physician who took the patient's choice into account. Therefore, the observed survival benefit could just reflect the natural course of the disease after progression, and those patients with prolonged survival due to a more favorable tumor biology could receive sorafenib treatment for a longer time, meaning that prolonged survival was the cause of the longer sorafenib treatment and not vice versa. However, there were no significant differences for most patient characteristics between the treatment groups, with the exception of a higher proportion of esophageal varices and a lower proportion of transarterial chemoembolization pretreatment in those patients who discontinued sorafenib within 3 weeks after progression. Furthermore, the results of our analysis support those of several other previous retrospective studies. In an analysis of 43 patients, Woo et al. [7] could show a prolongation of median survival in patients treated with sorafenib beyond progression versus best supportive care (81 vs. 131 days). However, a higher survival rate could be observed in patients receiving additional locoregional treatment or an alternate therapy without sorafenib (e.g., in a clinical trial). In another study on 88 patients progressing under sorafenib, the median OS was prolonged in patients continuing on sorafenib (355 vs. 517 days), and 12.5% of the patients discontinuing sorafenib suffered disease outbreaks [6] . In an analysis of 36 patients, Miyahara et al. [5] could show a significant increase in the tumor growth rate as well as shorter survival in those patients who discontinued sorafenib (8.4 vs. 15.0 months). In a retrospective study of 101 patients, a scoring system including Child-Pugh stage, ECOG, best response to sorafenib, and alpha-fetoprotein levels could identify a patient subpopulation which showed significantly prolonged post-progression survival when continued on sorafenib or other treatments versus best supportive care [17] . Improved survival could be detected in those patients with a favorable prognostic score. Surprisingly, when applying this risk score to our analysis, a significantly improved OS under sorafenib could only be detected in those patients with a poor prognosis. This might be due to different baseline characteristics of both studies as well as the fact that Otsuka et al. [17] combined both sorafenib and other treatments into one group in their study. A prognostic validation of this score might clarify its role in treatment decision.
In addition to the results of those previous reports, our study demonstrated that not only to continue sorafenib treatment beyond progression per se is associated with improved OS, but also the duration of this treatment for > 3 months.
Despite recent advances in systemic therapy with regorafenib [18] , MET inhibition [20] , and immune checkpoint blockade [21] , sorafenib still remains the only approved first-line systemic treatment option for patients with advanced HCC with proven prolongation of OS versus placebo. Further effective systemic therapies after progression under sorafenib are still desperately needed. In our opinion, the data of our study as well as the cited literature suggest that HCC patients with progressing disease under sorafenib treatment who are not suitable for a clinical trial could be offered a continuation of sorafenib. Further studies are needed to select the right patients for treatment beyond progression as well as to explore sorafenib as an option after failure of second-line therapy.
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